ANAPHYLACTIC SHOCK WITH THE PARTIAL ANTIGEN OF THE TUBERCLE BACILLUS by Enders, John F.
ANAPHYLACTIC SHOCK WITH THE PARTIAL ANTIGEN OF 
THE TUBERCLE  BACILLUS 
BY JOHN  F. ENDERS 
(From the Depart~nent of Bacteriology and Immunology, Harvard University 
Medical Sckool, Boston) 
(Received for publication, August 22,  1929) 
The relationship of the so-called specific soluble substance to acute 
anaphylactic shock has been only recently determined.  This appears 
somewhat remarkable in view of the well recognized precipitogenic 
action of the partial antigen in vitro together with the long-observed 
correlation of high precipitin titre with a  serum's effectiveness as  a 
sensitizing agent--facts which a priori almost force the assignment to 
the specific polysaccharide of an essential function in the anaphylactic 
mechanism.  Tomcsik (1) in 1927, working with the carbohydrate of 
B. lactis aerogenes,  showed that guinea pigs passively sensitized with 
the homologous antiserum died acutely when injected with the specific 
soluble substance.  In addition, he found that the isolated uterus of 
a sensitized guinea pig reacted to exceedingly small quantities of the 
material.  These observations were extended by Tomcsik and Kur- 
otchkin (2) to include the carbohydrates obtained from the pneumo- 
bacillus and from yeast.  In 1929 Avery and Tillett (3) confirmed the 
work of these authors by producing with the specific carbohydrate of 
the pnenmococcus anaphylactic shock in  guinea pigs  treated  with 
antipneumococcus rabbit sera corresponding to Types I, II and III. 
Moreover, they showed that the type specificity of the carbohydrate 
held rigidly in its anaphylactogenic rSle.  Noted by them also was the 
interesting and as yet unexplained fact that antipneumococcus horse 
serum was incapable of sensitizing. 
On the basis of these facts it appears  probable that in every case 
in which a  specific carbohydrate can be obtained  from a  complete 
antigen complex capable of producing antibodies in vivo anaphylactic 
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shock can be elicited under suitable conditions by means of the partial 
antigen. 
The application, then, of what  appears to be a  general principle to 
the problem of hypersensitiveness in tuberculosis and  its relation to 
true  anaphylaxis seemed to  offer a  new  instrument  in  the  study of 
the  mechanism  involved.  The  experiments  reported  in  this  com- 
munication were designed mainly to confirm in respect to the carbohy- 
drate of the tubercle bacillus the work of the previous authors.  Only 
in a preliminary fashion do they touch upon the problem of allergy in 
tuberculosis. 
The specific  carbohydrate used  in  this  work  was  derived  according  to  the 
process devised by MueUer (4) from O. T. produced by a human strain (H 37-- 
Saranac)  grown on a  synthetic medium.  The substance contains 0.3  per cent 
nitrogen and a very slight trace of phosphorus.  3 per cent ash containing a trace 
of copper is present.  It does  not reduce Benedict's solution,  but gives a  very 
strong alpha-naphthol test for carbohydrate.  It gives no precipitate with picric, 
tannic  or phosphotungstic acid,  not  with lead  acetate,  neutral or basic copper 
sulfate,  uranium  nitrate,  silver  nitrate,  mercuric  nitrate,  nor  with  safranine. 
Optical rotation is determined on a 3 per cent aqueous solution in a  1 cm. tube: 
[a],  =  +  17.3  °.  It does not  give a skin  test in tuberculous animals or animals 
rendered hypersensitive to tuberculin by injection of killed tubercle bacilli  (2). 
It g~ves a ring test with the homologous antiserum in a dilution of 1:2,000,000. 
Since  the  results  of all  who  have  worked  with  various  bacterial 
carbohydrates show that such substances  are not antigenic when in- 
troduced  into  the  living  organism,  it  was  not  considered  essential 
again to demonstrate a lack of antigenicity with  this material. 
Passive  Sensitization 
To obtain an antiserum with which passive sensitization could be carried out, a 
rabbit was given four injections of a  saline suspension  of dead tubercle bacilli 
(H 37  -  26.5 mg. dry weight at each injection)  grown for 8 weeks on 5 per cent 
glycerine bouillon  and killed by heating  at  80°C.  for an hour.  The injections 
were done on every fourth day.  With varying dilutions  of a commercial O. T. 
(Mulford), the pure serum taken 4 days after the last injection showed a distinct 
ring in 1 : 10,000.  Unfortunately, owing to an accident, only sufificient serum was 
obtained to sensitize 3 guinea pigs.  Each pig was given 2 cc. of the rabbit serum 
intraperitoneally.  The results obtained by intravenous (ear vein) administration 
of the specific carbohydrate are shown in Table I. JOHN  F.  ENDERS 
TABLE  I 
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Guinea pig 
No. 
Sensitizing  Shoq 
dose anti- 
Tb.semmrabbit .~1  dose? 
cc.  f9 
2 
Hours 
elapsed be- 
tween sensi- 
tlzing and 
shocking 
dose 
24 
98 
98 
Results 
Acute  symptoms  of  shock-death  in  3 
rain.  Autopsy  showed  typical  pul- 
monary  emphysema--heart  still 
beating 
Symptoms  within  1  min.  Dyspnoea, 
violent scratching,  urination,  defeca- 
tion.  Extreme  prostration.  Re- 
covery after 15 minutes 
Typical and severe symptoms within 1 
vain.  Extreme  dyspnoea  with  con- 
vulsive movements, marked prostra- 
tion.  Slow recovery 
Normal animals treated with  the same amount  of carbohydrate showed  no 
symptoms.  Because  of  the  small  number of  animals  represented,  a  second 
anti-Tb, rabbit serum was prepared and the experiment repeated. 
TABLE  II 
Guinea pig 
No. 
Sensitizing 
dose anti- 
Tb. rabbit 
CC. 
2 
2 
Hours 
Shocking  elapsed  be-  tween  sensi-  dose of SSS  tlzlng  and 
(Tb)  shocking 
dose 
--  --]' 
2  16 
2  16 
0.5  16 
1  24 
Results 
Death in 4 min.  Autopsy typical 
Symptoms  of  severe  shock.  Slow 
recovery 
Death in 3 rain.  Autopsy typical 
Death in 4 rain.  Autopsy typical 
The rabbit serum used in the experiment shown in Table II gave a precipifin 
titre against O. T. of 1:10,000.  It also gave a definite  precipitin titre against the 
specific soluble substance with a dilution of 1 : 128 of the serum. 
Active Sensitization 
The  previous  workers  in  this  field  have  dealt  only with animals 
passively sensitized with immune rabbit serum.  To study effectively 
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desirable to produce acute shock in guinea pigs actively sensitized with 
the  tubercle bacillus.  If an  animal could  be  obtained which was 
simultaneously sensitive to intracutaneous inoculation of tuberculin 
TABLE  III 
Guinea 
pig  No. 
10 
11 
12 
13 
14 
15 
16 
17 
Sensitizing  dose 
dead 
H 37, heat killed 
2.1  mg. every 
third  day-- 
three doses 
Same dose 
Same dose 
Same dose 
Same dose 
Same dose 
Same dose 
Same dose 
Same dose 
Same dose 
Shocking  dose of 
SSS (Tb) 
2 mg. i.v. (ear 
vein) 
2 rag. i.v. (ear 
vein) 
2 mg. i.v. (jugu- 
lar vein) 
2 rag. i.v.  (jugu- 
lar vein) 
2 mg. i.v. (ear 
vein) 
2 mg. i.v. (ear 
vein) 
2 mg. i.v. (ear 
vein) 
2 rag.  i.v. (ear 
vein) 
2 rag.  i.v. (ear 
vein) 
2 nag. i.v. (ear 
vein) 
Results 
Symptoms of shock within 2 min. 
Scratching, dyspnoea, followed 
by slow recovery 
Symptoms of shock  within 2 rain. 
Violent  scratching,  dyspnoea, 
urination followed  by  marked 
prostration and recovery 
Slight symptoms--inconclusive 
Slight  symptoms--inconclusive 
Practically no symptoms 
Immediate symptoms.  Scratch- 
ing  dyspnoea, followed by a per- 
iod of prostration.  Recovery 
Immediate  symptoms  of  slight 
shock.  Scratching, dyspnoea, 
etc.  Recovery 
Immediate symptoms  of  shock. 
Restlessness, scratching, dysp- 
noea,  prostration.  Recovery 
Slight symptoms.  Inconclusive 
No  symptoms 
In this series only 50 per cent of the  animals showed  definite symptoms  of 
shock with the amount of carbohydrate administered.  The poor degree of sensi- 
tivity observed  can probably  be attributed to the rather long interval between 
sensitization and testing. 
and to  the  specific carbohydrate as indicated  by  acute  shock, the 
effect of anaphylactic desensitization on the intensity of the skin reac- 
tion might be  accurately  observed. JOHN  F.  ENDERS  781 
Having on hand a series of guinea pigs weighing from 350 to 400 
grams which had received intraperitoneal injections of dead tubercle 
bacilli,  an experiment was undertaken to determine the anaphylactic 
sensitivity of these animals to the specific carbohydrate.  The results 
are shown in Table III. 
TABLE  IV 
Guinea 
pig No. 
18 
19 
20 
21 
22 
Sensitizing  dose 
heat killed strain 
H 37 (Tb) 
2.6  mg.  every 
3rd  day-- 
three doses 
Same dose 
Same dose 
Same dose 
Same dose 
Shocking dose of 
SSS (Tb) 
2  mg.  SSS  (ear 
vein) 
2  rag.  SSS  (ear 
vein) 
2  mg.  SSS  (ear 
vein) 
3  mg.  SSS  (ear 
vein) 
3  mg.  SSS  (ear 
vein) 
Interval  ] 
between last] 
sensitizing i 
and shock- I 
ing dose  I 
days  [ 
24 
24 
24 
24 
24 
Results 
Symptoms of  acute  shock in  1 
minute.  Marked  dyspnoea, 
scratching,  convulsive  move- 
ments, followed by death in 9 
minutes 
Immediate  symptoms  of  acute 
shock.  Marked  dyspnoea, 
urination,  convulsive  mov- 
ments.  Profound  prostration 
and slow recovery 
Immediate  symptoms  of  acute 
shock.  Marked  dyspnoea, 
scratching,  urination,  convul- 
sive  movements.  Prostration 
followed by slow recovery 
Immediate  symptoms  of  acute 
shock (within 1 rain.).  Dysp- 
noea,  scratching,  urination, 
. convulsive movements.  Pros- 
tration followed by death in 8 
minutes 
Symptoms  of  shock  within  1 
minute.  Dyspnoea,  scratch- 
ing,  convulsions,  followed  by 
death in 5 minutes 
Another lot of guinea pigs were given intraperitoneal injections of 
dead tubercle bacilli.  These animals were older and heavier than 
those used in the previous experiment (500-600 grams).  When tested 
with the carbohydrate, the results shown in Table IV were obtained 
It is clear from the foregoing experiments that acute lethal shock FIG. 1.  On August 5,  1929,  Guinea Pig 21-b received 2  cc. of anti-Tb, rabbit 
serum intraperitoneally.  24 hours later the isolated uterus of this pig gave the 
reaction recorded above when 5 mg. of the specific soluble substance was  added  to 
the bath. 
L~f .....  ,: 
/ 
FIG. 2.  On July 5,  9,  and 12,  1929, respectively, Guinea Pig 22-b received 3 
mg. of dried tubercle bacilli intraperitoneally.  On August 7 the isolated uterus 
gave the reaction recorded above when 2 rag. of the specific soluble substance was 
added to a bath of 25 cc. 
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can be produced by the specific carbohydrate .of the tubercle bacillus 
in guinea pigs either actively sensitized with the bacteria themselves 
or with an anti-Tb, rabbit serum of high precipitin titre. 
TABLE  V 
Guinea Pigs Actively  Sensitized  with Dead  Tubercle Bacilli 
Guinea  Dose O. T. 
pig No.  intracutaneous 
23  0.1 cc. 1:10 
dilution 
CMu~) 
24  Same  dose 
25  Same dose 
26  Same  dose 
27  Same  dose 
28  Same  dose 
29  Same  dose 
30  Same  dose 
31  Same dose 
32  Same dose 
33  Same  dose 
34  Same  dose 
Inte~al  I 
between 
tuberculin 
test and. 
shock  I 
11 days! 
4 days  ] 
16 days 
12 days 
12 days  q 
8 days 
24 days[ 
11 days 
24 days 
10 days 
24 hours 
24 hours 
Reading of tuberculin 
reaction No. 1 
24 hours after injection 
+ q- -I-  Marked 
necrosis 
++  Induration 
with  necrotic 
centre 
q- Marked  red- 
ness and edema, 
slight blanching 
q-q-  Blanching 
-4- Redness  and 
slight edema 
q-  No  necrosis. 
Redness  and 
edema 
-4- Weak reaction 
q-  Slight  blanch- 
ing 
q-  Blanching 
q-q-  Blanching 
++++ 
q-+q-q- 
Interval 
between 
tuberculin 
test No. 2 
and shock 
1 hour 
18 hours 
Not done 
Not done 
1 hour 
24 hours 
1 hour 
1 hour 
4 days 
4 days 
gead~ng of tuberculin 
reaction  No. 2 
24 hours after injection 
with O. 2".. 
Reading  at 48 hours 
--Redness, edema, 
central  blanching, 
slight  necrosis 
Reading  at 48 hours 
--Redness, edema, 
central  blanching, 
slight necrosis 
Not done 
Not done 
Reading  at  48 hours 
--Redness,--a 
weak reaction 
q- Redness and swell- 
ing.  Slight blanch- 
ing 
+-I- Central blanch- 
ing 
+q- Redness,  swell- 
ing and blanching 
+  Redness,  swelling 
and slight  blanch- 
Lug 
Slight blanchng 
q- q- q- Necrosis 
and induration 
+q-+--  Necrosis 
and induration 
The uteri of guinea pigs both actively and passively sensitized gave 
typical reactions when the specific substance was added to the bath. 
The highest dilution employed gave a reaction in 1 : 100,000.  Whether 
this was the minimal reacting dose cannot be stated. 784  ANAPHYLACTIC  SHOCK 
Effect of Shock  on Tuberculin  Reaction 
Simultaneously with the determination of these facts it was possible 
to observe the effect of anaphylactic desensitization on the allergic 
reaction in those animals which suffered acute sub-lethal shock.  By 
injecting 0.1  cc.  1:10 dilution of O.T. intracutaneously before  and 
after the shocking dose was given, any diminution in the intensity 
of the skin lesion could be nicely perceived.  In Table V these com- 
parisons are made. 
From these data it becomes apparent that in  guinea pigs made 
anaphylacticaUy sensitive to the specific carbohydrate by intraperi- 
toneal injections of killed tubercle bacilli, and showing at the same time 
inflammatory skin reactions to O.T., acute shock does not influence 
the intensity of the dermal response as indicated by subsequent tests 
with O.T.  None of the guinea pigs passively sensitized with anti-Tb. 
rabbit serum showed a positive yon Pirquet reaction when tested with 
O.T.  This  is  an  indication  that  the  anaphylactie  mechanism  is 
totally distinct from the phenomenon of skin allergy in tuberculosis. 
Whether or not the degree of anaphylactic sensitization runs parallel 
with the vigor of the cutaneous reaction cannot be judged from the 
results so far obtained. 
DISCUSSION 
Since these observations  form  merely the starting point for a more 
extended  study of the problem  of allergy  in tuberculosis,  no exhaustive 
discussion of the material presented will be undertaken at present, 
but will be deferred until experiments  with the so-called  nucleo-pro- 
rein fraction in conjunction with the specific soluble substance both 
in vivo and in vitro have been completed.  It is, however,  pertinent at 
this point to inquire whether the instances of fatal shock  given above 
were caused  by the specific  carbohydrate itself or a protein impurity, 
and then to ascertain whether actual anaphylactic shock  has been 
produced according  to the criteria laid down  by Wells (6). 
Since the specific  polysaccharide  contains 0.3 per cent nitrogen, it 
would seem theoretically impossible  to exclude  the participation of a 
protein in the reaction--but  this is exceedingly  unlikely  if we consider 
the small  amount of protein represented  by the lethal dose  of 2 rag. of 
carbohydrate.  If all the nitrogen present be taken as included in JOH~ F. END~gS  785 
protein,  the  latter  would weigh  about  0.0375  mg.  According to 
Wells (7), the minimum  lethal dose of purified protein is about 1/20th 
or 1/10th of a  milligram.  The process of purification, however, as 
well as the failure to obtain any qualitative tests for protein make it 
highly improbable that the nitrogen present represents a whole protein 
or even any of its higher derivatives.  We may thus conclude with 
reasonable certainty that the substance responsible for acute death is 
of the nature of a carbohydrate. 
All but one of Wells' criteria for true anaphylaxis have been met in 
these experiments: (1) that thematerialbe toxic for sensitized animals 
only; (2) that the symptoms produced be characteristic for the species 
of  animal  employed; (3)  that  passive  transfer  of  sensitization  be 
possible (this has been done only with rabbit serum, not with the 
homologous serum of the sensitized animal); (4) that capillary throm- 
bosis or emboli be not the cause of death (this is excluded only by the 
number of animals suffering shock and the typical autopsy findings) ; 
(5) that desensitization take place after non-fatal shock (2 animals 
tested, neither reacted to 2 mg. of the specific soluble substance). 
Tests for the prevention or amelioration of bronchial spasm by the 
use of atropin and adrenalin have not been done. 
We can then be fairly assured that we have been dealing with true 
anaphylaxis produced by the specific carbohydrate of the  tubercle 
bacillus. 
CONCLUSIONS 
1.  Typical lethal anaphylactic shock has been produced in guinea 
pigs by means of the specific carbohydrate  derived from a  human 
strain of tubercle bacillus.  The phenomenon has been observed in 
animals both actively and passively sensitized. 
2.  Typical contractions have been evoked in the isolated uterus of 
guinea pigs upon the addition of the specific carbohydrate to the bath. 
3.  True  anaphylactic  shock  against  the  specific carbohydrate in 
guinea pigs sensitized with the tubercle bacillus does not prevent or 
diminish the  cutaneous reaction  to  O.  T.  in  those  animals which 
recover. 786  ANAPIIYLACTIC  SIIOCK 
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